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Abstract

Five surface water-Cerenkov detectors (pools). cunmng i comerdence with the CYCNUS
extensive ar shower array, are desenibed  Prehimunary results on the timung response
and the estimated angular resolution of the pools are presented  Based on comparisons
between the pools and the seimtillator array, the angular resolution of the poals s es
timated to be ~0.5°, consistent. with Monte Carlo predictions Pool trigger rates and
photoelectron (pe) lateral distributions are also presented

I'he sensitivity to pont sourees of ultra high energy y rays can be anproved by
decreasing the energy theeshold and/or enhancing the angular resolntion of air shoawer
WITYS. Water-C'erenkov detectors ussd i compunction with a traditional ar shower
artay can do both, because a water-Clerenkov detectar s sensitive over ths entiee surface
1o all electromagnetic components of an atr <hower The CYGNUS callaboration has
built five water Cerenkov detectors to develop the technology and to unprove the angular
resolution of the CYGNUS extensive ur shower array

The Pool Experituent

“The CYGNUVS wir shower array located i Los Alamos, NM. has been deseribed
clsewhere (vee Aloxandrean et al. 1992) Fhe CYGNUS Tarray consitys of LTOR sentillator
detectora apraad out over an aren of 22,000 m? - Uhe angular resolution of the CYGNUS
1 arrey 19 ~0 7° (an determined by the conmme ray shadowing by the Sun and the Moon
{see Alexandrens et al. [9912)). The median energy of a detected cosmie ray i~ 100
I'eV The current tigger rnte s about 35 He

The pools are loeated within the CYGNUS §oar shower areay, arranged moroughly a
croas shape with 60 m arma Each pool s 75 mem dianeter and ~4 modeep, contauning,
7 Tt (<23 nv RMS pitter for a angle pe) 107 Buarle photomultiplier tubes (PM 10
Six PM s are areanged i a hexagon surrounding a cenieal PAMT on the hottom of the
poul Above the photocathode there 9 <2 mof water whiech provides aomedim for the
production of Cerenkoy hight by the parte e o showers Phe pools are cead ot



onevery CYGNUS event 99% of the COYGNUS T events prodoce vstgnad mnoat Teaat !
po

In order to reconstruct the dicestion of the immatng primary partiele from the poal
data. the timung 1 each pool photomultiphier tube with 1 oor more photoclectrons o
tirst corrected for shower curvature and samping using the cope reconstucted by the
CYGNUS array Like the tinung an the CYGNUS T ae shower array the correctiom
i hinearly dependent on the core hstance. The dependenee of the correction on pulse
heieht i the poal PMTs. however s logarthnie. which s someswhat ditferent fram the
dependence on pulse herght o CYGNUS-T (see Biller 19920 The pool information s
used to find the arrival direction of the air shower by fitting 1o a shower plane The
duferences between the predicted arnval times of the fitted shower planes and the actual
tunes measured i 1 PMT (tinung restduals) are shownon Fugure 1 Superimposed on
this figure is a Ganssian curve with a e=2 1 s If one requures > 10 pool PAMTTs 1o be
hit (at least 1 pe each). and these PMTs are distributed among 3 1o 5 pools, then ~75°7
of the CYGNUS-T events can be reconstructe Vasing only the pool information

T T T

13%0
L
1
o
1000 |- ?
! )
>
0 - —1
: |
800 —

-

vrrY‘r'vv

Fugare 1 Time Residual of a pool photomultipher tube with respect to the Pool fiteed
shower plane from any dicection Fhe BRMS of the times s ~22 a0 Also shown s a
Cianssinn with a =21 ns.

ANGULAR RESOLUTION.

Using an event by event compariwon between the diceetions eeconstrueted by the
pools alone and by CYGNUS-T alone. the angular resolution usimg 3 or more pools s
estimated. Figure 2 shows a histogram of the space angle differences between the e
constructed arrval dirrctions uming only the pool mformation versus the reconstructed
arrval directionn umng only the CYGNUS Larray s distoibution s it with a sy
metric two-dimensional Gaussian curve, with an additional exporential tal - The il
represente ~10% of the events i the plot - Phe standard deviabion of the Coaussian part
of the distribution 10 @ 82 If the angular resolution of the CY NS Dis characterized by
atwo dimenmonal Gausasian, then the standiard devianion of that disteibution tor these
eventsa ~06H° The CYGNUS | resolution i somewhat hetter than quoted above he
canae those ahiowers that tngger CYGNUS Tand at least 10 PMUs distnbuted among
or more ponly are of a somewhat higher coergy Becanse the two areays indepemdent Iy
reconstruct the shower s arnval direciion

("‘ (1) ‘l'Y(: 1 ”‘pnnl.
where g an the standard deviation of the toareaan paret of the space angle differens
tostogramn Fhen the vesodutwn of the o poods Tor these catoan -0 0% Phas estinate s
m agreement with Monte Carlo results goee Vevatdreas et al 110D
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Figure 2: Space Angle Difference between the independently reconstructed arrival di-
rections of the two arrays. and the fitted Gaussian (gg=0 5°) with exponential tail

ENERGY THRESHOLD STUDIES

The trigger rate for various comncidence requitements was determined for the array
of water-Ceerenkov detectors. A pool was trigeered 1f the summed pulse height of its
PMTs was >2 pes. Three sets of data were 1aken: (a) 35 pools triggered in time
coincidence, (b) 4-9 pools triggered in me comerdence and (¢) all 5 pools triggered n
time coincidence. For each data set, the tngger rates were measured for a mnimmm
nunber of PMTs in each triggered pool; cach PMT was requited to have at least |
pe Figure 3 shows the measured rates for each of these three data sets as o functin
of the mmimum nummber of PMTs per pool with >1 pe The maximum number of
photomultiplier tubes shown on the plot 13 only 6. not 7. hecauss several of the pools
had a nussing photomultiphier tube at the time this easurement was performed. When
at least 3 pools were required to have at feast 3 photomultiplier tubes with at least |
pe in each PMT. the tnigger rate was ~50 Hz. an order of magnitude larger than the
current CYGNUS-I rate
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Figure 3 Pool Trigger eates tequirmg at least 3G and 5 pool i tine comerdence with
at leant 16 it photomuliphier tohies per poal - When 3 pools were required with at
leant 3 hat photomultipher tabes (S 1 pe each), the rate s 55 He

Figire 4 showa the photoelectron tateral dctobation i the pool photomnltipher
imibes an a function of core distance, where the densaty was averaged over many shower



~izes and ages (and the core fell inside the CYGNUS arrav). Also shown is the NKG
particle density as a function of core distanee for the average shower of size 16000
particles. and age of 1.6, The NKG density funetion s a few orders of magnirude
staller than the photoelectron density because the function deseribes particle densiny
in the air shower pot the photoelectron density measured by the pool PMTs. These
two plots have the same general shape. although the photoeleciron disinibution Hatrens
ot near Heore=!) beranse of the uncertamties tn the vore locatons, In genceral, this plot
shows that the ponls sample the air shower quite welleven at large core distances
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Figure + The photoelectron density as a function of core distance a8 measured by the
pool PMTs (left scale), and the NKG particle density (right seale) for an average shower
(16100 particles and 1.6 age)
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